Hybrid structures using steel and concrete have been attracting attention in recent years. One such hybrid structure is the corrugated steel web PC box girder bridge (corrugated web bridge) in which the concrete web of the PC box bridge is replaced by a lightweight steel web plate to decrease the weight of the main girder and which, by taking advantage of the high shear buckling strength of steel web plate corrugated by cold bending, negates the need for a stiffener. The corrugated web bridge has been investigated by those concerned 1 ～ 5) and is being constructed for roads in wide ranges 5) .
This paper discusses the fatigue durability of the joint between the web and the floor slab while bearing in mind that the active load ratio is higher for railway bridges than for road bridges. As a jointing method for railway bridges, a steel tie plate (tie plate type) is proposed (see Fig. 1 ) to constrain the side of the corrugated steel web plate in addition to the conventional reinforcement bar type constraint. These two types are discussed with regard to the behavior of the out-of-plane bending of the joint 6,7) .
FEM Analysis FEM Analysis FEM Analysis FEM Analysis FEM Analysis
Initially, a model bridge was selected, with a 6-span continuous girder, a total length of 344m and a maximum span of 72m. For this model, the maximum out-of-plane deformation of the joint between the web and slab was investigated, under the condition of a train with the design load passing over it.
Influence line analysis showed that the maximum moment worked at the object span when train axle loads were placed in the positions shown in Fig. 2 .
To extrapolate the node displacement for detailed analysis of an actual bridge, FEM analysis was conducted for an all-span model. Then, to consider the difference between the rotational angle of the upper floor slab and that of the web, the relative rotational angle of the joint, which was caused by the out-of-plane deformation in Fig. 3 To investigate the relative rotational angle of the joint, we performed detailed analysis of the 2-waveform web section at center span of the model bridge. As shown in Fig. 4 , this model includes only half of the section. The constraint reinforcement bar type was used for the analysis model, and whereas shell elements were used for the web solid elements were used for the slab. A load was applied to give a 6-component node displacement obtained by overall FEM analysis. Regarding the joint between the steel web plate and the concrete floor slab, we discussed two types: one is the so-called "solid joint", where the two components are regarded as a solid, and the other the "non-connection solid joint" ignoring the bonding between the two components by regarding that only the compression force to the web is transmitted in between web and slab.
When the behaviors of the solid and non-connection solid types were compared, it was found that, though the deflection between the two was approximately the same, the out-of-plane deformation of the web was different. Table 1 shows the relative rotational angle of the joint obtained from the analysis. In static loading and fatigue tests, we used the maximum relative rotational angle of -0.0141 degrees that was obtained with the nonconnection solid model. In this study, a full-size specimen was tested in order to reproduce residual stress, deformation and the relative rotational angle of the joint under train loading conditions. See Fig. 5 for an outline of the specimen.
Two webs jointed with the upper floor slab were tested: one of the constraint reinforcement bar type (web A), and the other the tie plate type (web B). Figures 6 and 7 show the full-size specimen, and the appearance of webs A and B, respectively. A loading beam was applied at two points spaced 4.3m apart, a distance equivalent to the centerto-center distance of a double-track line on the model bridge.
Specimen FEM Analysis
To determine the load applied to the specimen, specimen FEM analysis was conducted on the constraint reinforcement bar type models, the analysis models being the same as that in Fig. 4 . The loading conditions and the supporting points were adjusted to set the specimen by adopting the "solid type" and "non connection solid type" joint between web and upper floor slab. Figure 8 shows the relationship between the load and the relative rotational angle obtained from the specimen analysis, and that it is necessary to apply a load of 225kN to the "non solid" model, which is the same as the one used for the analysis, and 284kN to the "solid model", in order to set the relative rotational angle of the specimen joint at -0.0141 degrees, or the value obtained from actual bridge analysis . In the fatigue test, a unit load of 294kN was used instead of 284kN to include a margin.
Static Loading Static Loading Static Loading Static Loading Static Loading
Before the fatigue test, static loading was performed to confirm the validity of the specimen FEM analysis and the set unit load. Figures 9 (a) and (b) show the deformation characteristics when a load of 294kN was applied in the static loading test. At the center of the specimen section, the analytical and measured deflections of the top floor slab were approximately in agreement ( Fig. 9 (a) ), and the measured out-of-plane deformation of web A (constraint reinforcement bar type) was close to the analytical value (Fig. 9 (b) ). The measured out-of-plane deformation of web B (tie plate type) was about 80% of the analytical values, probably because the forces needed to constrain the steel web plate and out-of-plane rigidity were higher with the tie plate type than with the constraint reinforcement type.
From the above, it was possible to estimate the deformation and deflection properties of the specimen when a load of 294kN was applied in the static loading test . Table 2 shows the relative rotational angle of the joint obtained from the static loading test, together with the Fig. 7 Detail of joint at the web end Fig. 7 Detail of joint at the web end Fig. 7 Detail of joint at the web end Fig. 7 Detail of joint at the web end Fig. 7 Detail of joint at the web end results of detailed analysis of an actual bridge and of two specimen analyses. In the web A static loading test, the measured values were slightly higher than analytical values both with the solid and non-solid types. Therefore , it was thought that the fatigue durability could be estimated by a fatigue test, if the load was set at 294kN. The relative rotational angle was the largest when a train passed between bulkheads in the fatigue durability test, as shown in Fig. 2 . This means that the angular displacement of the joint was received 11 times the maximum value of cyclic loading when a 12-car train runs over it. If 60 trains pass a day and the service life of the bridge is 100 years, the total frequency of the occurrence of angular displacement is calculated as follows:
11 (times/train) x 60 (trains/day) x 365 (days/year) x 100 (years) = 24,090,000 (times). It would take a long time to reproduce the above frequency in a test, so a load amplitude of 441kN (1.5 times the unit load of 294kN) was selected to increase the load in the elastic range based on the assumption that fatigue strength is in proportion to stress to the power 3. As a result, the total frequency is calculated as:
24,090,000/1.5 3 = 7,137,778 (times). The number of cycles was set at 800 million to include a margin in the test. Figure 10 shows the changes in relative rotational angle value as the loading frequency increases. The relative rotational angle values did not increase with either web A or with web B, though they fluctuated to some extent.
After the fatigue test, the concrete floor slab was broken to check whether there were fatigue cracks inside using magnetic particle inspection. Since there were no cracks as a result, it was recognized that joints of both the constraint reinforcement bar type and tie plate type had sufficiently high fatigue durability. 
